The phenomenon of lysogenicity is an interesting aspect of the bacteriumbacteriophage relationship, for this is an instance of host cells capable of carrying virus through an infinite succession of subcultures, even through cycles of sporulation (den Dooren de Jong, 1930 Jong, , 1932 The stock cultures were maintained upon slants of potato extract agar. The sporogenous strains were transferred to this medium and incubated at 34 C for 4 days to ensure a maximum number of free spores before storage. The asporogenous bacilli were transferred biweekly to the potato infusion agar slants. Following transfer, the slants were incubated at 34 C for 18 hours and then were stored at 5 C for the remainder of the period.
The stock cultures were maintained upon slants of potato extract agar. The sporogenous strains were transferred to this medium and incubated at 34 C for 4 days to ensure a maximum number of free spores before storage. The asporogenous bacilli were transferred biweekly to the potato infusion agar slants. Following transfer, the slants were incubated at 34 C for 18 hours and then were stored at 5 C for the remainder of the period.
Media. The following media were employed: yeast water broth (designated as YWT broth), which was composed of 2 per cent yeast extract and 0.2 per cent tryptone, adjusted to pH 7.2; soft agar medium, which consisted of 1 per cent peptone and 0.6 per cent agar, adjusted to pH 7.2; peptone agar, which was composed of 1 per cent peptone and 1.1 per cent agar, adjusted to pH 7.2; and potato extract agar, which was prepared according to the directions of Dr. C. F. Robinow as described by Cassel (1950) .
Plaque counting. Bacteriophage plaques were observed and counted by the agar layer technique (Gratia, 1936) , which involves mixing the suspended indicator strain and phage sample in melted soft agar. The mixture is poured on the surface of a hardened peptone agar plate and allowed to solidify before being incubated at 34 C.
Lysis. The progress of lysis of the bacteria was followed by means of the KlettSummerson photoelectric colorimeter, using a no. 54 filter.
Phage output by B. megatherium 899. In order to observe phage output from a relatively small number of bacteria, saline-washed spores of B. megatherium 899 were diluted in YWT broth to give a final concentration of about 100 spores per ml. The diluted suspension was distributed in 0.1-ml quantities in 7-by-100-mm tubes and incubated at 34 C for 3 to 4 hours, at which time germination had taken place but the bacteria were not too numerous to prohibit counting of the colonies. The tubes were placed in large jars having an atmosphere saturated with moisture to minimize evaporation of the broth during incubation. After the desired interval 2.5-ml volumes of soft agar were added to the culture tubes. To determine the number of liberated phage particles present a drop of the indicator suspension was added to the mixture prior to layering on a hardened peptone agar surface. This procedure permits the plating of the entire volume number of chains of bacilli present. We have observed many times that the number of plaques that arise from a suspension of heated spores or washed vegetative cells is always less than the number of colonies from the same suspension; however, upon picking from isolated colonies and transferring to broth, filtrates of the resulting subcultures invariably contained phage. Rountree (1949) in her work with lysogenic staphylococci has likewise observed that plaque counts fall below colony counts. Anaerobic iysis of lysogenic bacilli. It can be assumed that the majority of vegetative bacilli of strain 899 carry phage, since almost all the spores, if not all, contain phage. Although virus-infected, the proportion of lysogenic bacilli undergoing lysis in an actively growing culture is small, in fact so small as to be imperceptible by the usual optometric techniques (Northrop, 1939) . Employing micromanipulation techniques, Lwoff and Gutmann (1949b , 1950a , 1950b have succeeded in demonstrating that lysis of lysogenic bacilli with phage liberation does occur. The conditions are not known that determine whether a lysogenic bacillus will or will not be lysed; however, it is not impossible to establish circumstances under which lysogenic bacilli will undergo lysis.
In the course of a routine cultivation of B. megatherium 899 within aeration tubes, the air line fouled and the culture tubes were allowed to remain without further aeration. Whereas the cultures were markedly turbid at the time the air failed, the broth was clear when observed 2 hours later. Reproduction of the conditions gave the same results, and then known nonlysogenic strains were tested for comparison with the B. megatherium 899. The strains were inoculated into 10-ml volumes of YWT broth contained in 2-by-15-cm culture tubes fitted with glass tubing through which air was bubbled to permit aeration and agitation of the medium. The cultures were aerated in a 34 C water bath until a turbidity corresponding to an optical density of about 0.2 was obtained (3 to 4 hr); then aeration was terminated. The optical densities of the suspensions were determined after transferring 6-ml samples to colorimeter tubes. The samples were allowed to stand undisturbed in a 34 C water bath between readings. Before each reading, the colorimeter tubes were rotated vigorously but smoothly enough to avoid mixing air bubbles into the medium. Figure 1 depicts representative experiments comparing the asporogenous nonlysogenic B. megatherium 337A and the sporogenous lysogenic B. megatherium 899 following the cessation of aeration. It should be noted that the amount of lysis of the nonlysogenic cultures was relatively slight and the rate of lysis was slow as compared with the lysogenic culture. If these variations in the rate of lysis are interpreted to represent the difference between the rate of normal autolysis of the nonlysogenic strains, on the one hand, and the summation of phage action and normal autolysis of the lysogenic strain, on the other hand, then conversion of the nonlysogenic strains to lysogenic strains should effect an increase in the rate of lysis in the new strains. Accordingly, lysogenic strains were prepared, as has been done by Cowles (1931) and den Dooren de Jong (1932) , by prolonged cultivation of strains 337 and 337A in the presence of phage CP followed by single colony isolation. he resulting asporogenous strain, 7AL, and sporogenous strain, 7L, produced filtrates giving plaques similar to the parent CP phage when tested with the indicator strain. The "artificially" lysogenic bacilli did not show plaques when plated with the CP phage. The spores of strain 7L carried phage through heating at 75 C for 30 minutes. Microscopic and colony appearances of the "artificially" lysogenic bacilli were indistinguishable from those of the parent strains. Figures the oxygen depletion. Cohen (1949) has noted that phage T2r+ induces lysis of Escherichia coli (nonlysogenic) from the moment of infection when a stream of nitrogen is passed through the medium. It is not unlikely that the phenomena in the two host-virus systems are of a closely related nature.
To determine whether phage was released in the oxygen-depleted system, supernatant material from centrifugates of the cultures of lysogenic bacilli were assayed for free virus before and after anaerobic lysis. The results, given in table 2, show that the response varied with the strain under examination. B. megatherium 899 and B. megatherium 7AL showed little or no increase of phage after anaerobic lysis, whereas B. megatherium 7L consistently demonstrated a significant increase.
DISCUSSION
Broth subcultures from single colonies of B. megatherium 899 derived from heat-treated spores invariably show the presence of phage. Although the assumption is warranted that all or nearly all of the bacteria are carrying phage, only a small proportion of the lysogenic bacilli in any given culture are producing extracellular phage. The factors that determine whether a given bacillus will, or will not, emit phage are not established. From these data it cannot be stated whether the virus liberated from the germinated spores was the result of lysis of some of the bacilli or whether the virus was secreted from intact cells in the manner of an extracellular enzyme. Northrop's studies (1939) supported the secretion hypothesis and discounted lysis as being of consequence in accounting for phage liberation; however, the method employed would not have been sufficiently sensitive to detect the lysis of a small number of bacilli in a large bacterial population. Lwoff and Gutmann (1949b , 1950a , 1950b observed in their micromanipulation studies of B. megatherium 899 that phage appeared following the lysis of a bacillus and occasionally in the absence of any observed lysis.
Since lysis of some lysogenic bacilli with appearance of phage has been demonstrated, the question arises whether or not the majority of the lysogenic bacilli are potentially susceptible to lysis by the indigenous virus. If most of the bacilli in a culture are potentially susceptible, then the lysis conceivably follows the proper combination of physiological factors in physiologically similar cells; however, should only a few lysogenic bacilli in a culture be potentially susceptible to their phage, it would indicate that the sensitive cells are mutants and are physiologically different from the majority. The second possibility does not seem likely unless we have an example of an extraordinarily rapid rate of mutation, for at a reasonable rate of mutation Lwoff and Gutmann (1950a) could not have observed lysis of some 41 bacilli in the course of their microscopic examination of small chains of bacilli. The experiments with anaerobic lysis of naturally and artificially lysogenic strains of B. megatherium show that mass lysis of actively growing young cultures can be promoted. This suggests that the majority of lysogenic bacilli are potentially susceptible to their own phage.
To explain anaerobic lysis of E. coli newly infected with phage, Cohen (1949) has postulated that the virus infection produces a rapid reorganization of cellular substance, which in the absence of the host's energy supply is uncontrollable, thus resulting in autolysis of the host. Perhaps the same explanation might tentatively be offered for the anaerobic lysis of the lysogenic bacilli. Phage synthesis seems to have occurred at or before the time of anaerobic lysis of B. megatherium 7L, for the number of free phage particles was markedly greater after than before lysis; however, there was either no or slight increase of free phage following lysis of B. megatherium 899 and B. megatherium 7AL.
SUMMARY
A very small proportion of the organisms of the lysogenic BaciUus megatherium 899 was found liberating phage.
Actively growing broth cultures of lysogenic strains of B. megatherium were observed to undergo extensive lysis when placed under anaerobic conditions. Under similar conditions, cultures of nonlysogenic strains of B. megatherium were only slightly lysed.
Anaerobic lysis of some strains of lysogenic B. megatherium was accompanied by a definite increase of free phage, but there was little or no increase of phage in other strains.
